BACKGROUND: Current US Preventive Services Task Force and other guidelines recommend low-dose aspirin for all pregnant women with pregestational diabetes mellitus to prevent preeclampsia and small-forgestational-age birth. The Maternal-Fetal Medicine Units High-Risk Aspirin trial did not show a reduction in either preeclampsia or smallfor-gestational-age birth in diabetic women. OBJECTIVE: Our objective was to reassess the impact of aspirin on fetal growth in diabetic pregnancies overall and according to White classification. We hypothesized that aspirin improves fetal growth in pregnancies with vascular complications of diabetes at highest risk for poor fetal growth. STUDY DESIGN: We conducted secondary analysis of the cohort of diabetic women enrolled in the Maternal-Fetal Medicine Units High-Risk Aspirin trial. The impact of aspirin prophylaxis on birthweight was assessed in the overall cohort and in 2 groups categorized according to White classification as nonvascular (White class B, C, D) or vascular (White class R, F, RF). Birthweight was converted to Z-score normalized for gestational age at delivery and neonatal sex. Difference in birthweight Zscore between aspirin and placebo was tested with a 2-sample t test. The effect of vascular group, aspirin vs placebo randomization, and the interaction of the 2 on normalized birthweight percentile was estimated with linear regression with a multivariable model including covariates body mass index, tobacco use, race, and parity. The percentage of small and large-for-gestational-age newborns born to aspirin-vs placebo-treated women was compared between groups using Pearson exact c 2 analysis, and an adjusted model was estimated by logistic regression.
Introduction
In late 2014, the US Preventive Services Task Force (USPSTF) recommended that low-dose aspirin (60-150 mg/d) be administered to all pregnant women with pregestational type 1 or type 2 diabetes in an effort to reduce the incidence of preeclampsia. 1 Additional proposed benefits of aspirin administration are reductions in preterm birth and small-forgestational-age (SGA) birth. These USPSTF recommendations are in agreement with previously published guidelines from the World Health Organization (WHO) 2 and the National Institute for Health and Care Excellence, 3 both of which also specifically recommend aspirin for pregnant women with pregestational diabetes (PGDM). The American College of Obstetricians and Gynecologists endorsed these guidelines in 2016. 4 PGDM is a known risk factor for preeclampsia. 5 The impact of PGDM on fetal growth is more complex and relates to White classification. For example, in a recent report, patients with vascular complications (White classifications R, F, RF, and H) were at increased risk for SGA births (17%), while those with White classification B, C, and D had increased rates of large-for-gestational-age (LGA) newborns (34%, 28%, and 21%, respectively). 6 While aspirin may reduce the risk of SGA in pregnancies at risk for preeclampsia in general, the impact of aspirin on fetal growth in diabetic pregnancies is not well understood. Of the 13 studies that formed the basis of the USPSTF conclusion that aspirin reduces SGA, only the Maternal-Fetal Medicine Units (MFMU) High-Risk Aspirin (HRA) trial enrolled women with PGDM. 7 In this trial, aspirin was of no benefit in reducing either preeclampsia or SGA. Most other trials explicitly excluded women with PGDM.
To better understand the possible impact of aspirin on fetal growth in patients with PGDM, we performed a secondary analysis of the MFMU HRA trial. Our hypothesis was that aspirin 
Materials and Methods
We performed a secondary analysis of the MFMU Network randomized controlled trial of aspirin (60 mg) for the prevention of preeclampsia in high-risk women. 7 The original inclusion criteria were pregnancies with at least 1 risk factor for preeclampsia: preexisting insulin-dependent diabetes, chronic hypertension, multiple gestation, or preeclampsia in a previous pregnancy. Women were enrolled into 1 of 4 mutually exclusive high-risk groups defined as: (1) diabetes (with or without prior preeclampsia or chronic hypertension), (2) chronic hypertension (with or without prior preeclampsia), (3) multifetal gestation (with or without prior preeclampsia), and (4) previous preeclampsia (and no other risk factor). The protocol received institutional review board approval at each center, and all participating women provided written informed consent. This secondary analysis was considered exempt by the Colorado Multiple Institutional Review Board.
Full details of the study design are available in the original article. Briefly, enrollment of eligible women occurred in the calendar years 1991 through 1995 during the 13th through 26th week of pregnancy. Women were randomized 1:1 to receive aspirin (60 mg) or placebo in a double-blind, randomized, placebocontrolled trial design to assess the impact of aspirin on the incidence of preeclampsia. Adherence to study drug regimen was measured by questioning of women, counting pills, and measuring thromboxane in serum.
For this analysis, we included all women in the MFMU HRA study with PGDM for whom complete outcome data were available. Women with PGDM and chronic hypertension were class D in accordance with the revised White classification. 8 Women were assigned to 1 of 2 mutually exclusive vascular groups: nonvascular (White class B, C, D) or vascular (White class R, F, RF). We used a previously published algorithm for transforming birthweight into a normalized Z-score for gestational age at delivery and neonatal sex. 9 From Zscores, neonates were categorized as SGA, average for gestational age, or LGA.
Body mass index (BMI) calculated from prepregnancy weight was categorized according to WHO classifications with <18.5 kg/m 2 underweight, 18.5-24.9 kg/m 2 normal, 25.0-29.9 kg/m 2 overweight, and 30 kg/m 2 obese. For some analyses, underweight and normal BMI categories were combined because of the low frequency of women categorized as underweight.
Statistical Methods
The success of randomization within this study population was assessed by comparing demographics between placebo-and aspirin-randomized women, with differences tested using c
The effect of vascular group, aspirin vs placebo randomization, and the interaction of the 2 on normalized birthweight percentile was estimated using linear regression with a multivariable model including covariates expected to impact birthweight based on clinical judgement: BMI category, tobacco use, race, and parity. The interaction of vascular group and randomization was parameterized as part of our primary hypothesis.
The percentage of SGA and LGA newborns born to aspirin-vs placebo-treated women was compared between groups using Pearson exact c 2 analysis, and a logistic regression model was estimated to adjust for covariates expected to impact birthweight based on clinical judgement: maternal BMI category, smoking, race, and parity. The adjusted estimates for the overall cohort include vascular group as a covariate but without an interaction with randomization.
In a sensitivity analysis, we assessed the robustness of results on normalized 
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birthweight when gestational age at randomization was week <17 vs week 17.
All analyses were intent to treat, using software (SAS 9.4; SAS Institute Inc, Cary, NC). Graphic results were created using software (GraphPad Prism 6.07; GraphPad, La Jolla, CA).
Results
Of the 444 women with PGDM enrolled in the HRA trial, 391 had nonvascular diabetes (White class B, C, or D) and 53 had vascular diabetes (White class R, F, or RF) as shown in Figure 1 . Demographics for randomization groups and vascular and nonvascular groups are tabulated in the Table. Women with vascular diabetes were less likely to be parous (P < .001). Black race was more common among women with nonvascular PGDM. There were no significant differences in other demographic characteristics including age, BMI, and tobacco use between vascular and nonvascular groups (Table) .
Aspirin was significantly associated with a higher birthweight Z-score (0.283; 95% confidence interval [CI], 0.023e0.544) in the overall cohort (P ¼ .03). In the adjusted model, the association of aspirin with higher birthweight Z-score was confined to neonates of women with nonvascular diabetes (0.341; 95% CI, 0.677e0.006; P ¼ .044). An opposite but nonsignificant effect was observed among neonates from women with vascular diabetes (e0.416; 95% CI, e1.335 to 0.503; P ¼ .6). This difference in the relationship of aspirin and birthweight Z-score by vascular group was significant at P ¼ .046 ( Figure 2 ). As 198 participants (45%) were enrolled week <17, and 246 (55%) were enrolled week 17, sensitivity analysis was conducted to explore the existence of an impact of gestational age at randomization on these findings. There was a negligible difference in the impact of aspirin on birthweight Z-score for vascular vs nonvascular diabetics who enrolled <17 vs 17 weeks; the 3-way interaction term was not significant (P ¼ .4, data not shown). ajog.org
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Among all gestations included in the analysis, 32% (n ¼ 142) were LGA and 8% (n ¼ 36) were SGA. There were significantly more LGA births among aspirin-treated pregnancies as compared to those randomized to placebo (37% vs 27%, P ¼ .025). For the nonvascular diabetics, those treated with aspirin had significantly more LGA births (40.2%) compared to those in the placebo group (26.6%) (P ¼ .005). Among women with vascular diabetes, the difference in rates of LGA birth between the aspirin (9%) and placebo (29%) groups was not significant (P ¼ .10). Aspirin was not significantly associated with differences in SGA in the nonvascular group (8% with aspirin, 7% with placebo, P ¼ .70), the vascular group (9% with aspirin, 16% with placebo, P ¼ .69), or in the overall cohort (8% with both aspirin and placebo) (Figure 3) .
In a multivariate analysis adjusted for BMI, tobacco use, race, and parity, the association of aspirin with more LGA births persisted among women in the overall cohort (odds ratio [OR], 1.696; 95% CI, 1.096e2.625) and in the nonvascular group (OR, 2.09; 95% CI, 1.31e3.33). Aspirin was not associated with a significant difference in SGA in the overall cohort or within either vascular group in the adjusted analysis (overall cohort OR, 1.11; 95% CI, 0.54e2.28, nonvascular OR, 1.22; 95% CI, 0.55e2.69, vascular OR, 0.69; 95% CI, 0.113e4.22) (Figure 4 ).
Comment
While aspirin was associated with an increase in fetal growth in this cohort of women with PGDM, this effect was due to an increase in LGA birth, and this effect was confined to women with nonvascular PGDM already at risk for fetal overgrowth. Contrary to our hypothesis, aspirin did not improve fetal growth in vascular PGDM pregnancies at highest risk for SGA, nor did it reduce SGA in the nonvascular group or the overall cohort. These observations have potential importance in further refining what populations might benefit from aspirin prophylaxis. Macrosomia is one of the central complications of diabetes in pregnancy. Given the increased maternal and neonatal morbidity associated with LGA birth these observations are of concern. [10] [11] [12] [13] The strengths of this study are the prospective data collection that occurred at the time of the original trial by trained research nurses. Our primary outcome of gestational age-specific birthweight percentiles that relies on the objective measures of gestational age at delivery and birthweight allows rigorous comparison. Our results were robust to gestational age at enrollment. We are limited in assessing aspirin vs placebo within the vascular diabetic group because of the low frequency of vascular diabetes, thus seemingly large trends towards lower risk of both SGA and LGA with aspirin occur in the absence of statistical significance.
An additional limitation of our study is our inability to report results for women according to type 1 vs type 2 diabetes or according to medications used to treat diabetes in pregnancy, as these variables were not captured in the original data set. Women with type 2 diabetes as a group may be more likely to be obese, an additional risk factor for LGA birth. However, we controlled for maternal BMI in our adjusted analysis and our findings persisted. In addition, as a secondary analysis of a randomized controlled trial, we would anticipate that type 1 and type 2 diabetics would be evenly allocated between treatment groups. The recent study by Bennett et al 6 confirms the strong association between birthweight and White classification. Although not a primary outcome of this study, we also found, among placebo-randomized women, a higher proportion of LGA births in the nonvascular group (26%) and a higher proportion of SGA births in the vascular group (16%). Together, these 
FIGURE 3
Effect of aspirin on proportions of small-for-gestational-age (SGA), appropriate-for-gestational-age (AGA), and large-for-gestationalage (LGA) infants in unadjusted model Effect of aspirin on adjusted odds ratios for small-for-gestational-age (SGA) vs large-for-gestational-age (LGA) infants overall and by vascular group CI, confidence interval. observations lend support to our vascular vs nonvascular grouping as biologically valid. We are unaware of similar data on abnormal growth as stratified by type 1 vs type 2 PGDM.
The observation that aspirin increased the chance of LGA in the overall cohort and nonvascular PGDM gestations must be interpreted with caution. As an unplanned secondary analysis, such an observation should be viewed as hypothesis-generating. Is this a biologically plausible hypothesis? Fetal growth is a complex interaction of genetics, growth factors, substrate availability, and other factors. Given that PGDM pregnancies are at risk for preeclampsia, 5 a disease characterized by altered placental perfusion, 14, 15 and given that aspirin acts by improving placental perfusion (among other mechanisms), 16, 17 we submit that aspirin could further augment the already increased substrate availability in PGDM pregnancies and further augment fetal growth.
As aspirin has gained increased support as prophylaxis for preeclampsia, SGA and preterm birth, the inclusion criteria for prophylaxis have also broadened. However, the inclusion of women with PGDM in these recommendations may not be evidence-based, beyond the mere fact that PGDM patients are at increased risk for preeclampsia. The MFMU HRA trial is the only aspirin intervention study to specifically include women with PGDM, and most other trials specifically excluded these women. The MFMU HRA trial did not show a reduction in preeclampsia or SGA overall and there was no reduction in preeclampsia in the PGDM subgroup in particular. Our failure to detect a benefit (no reduction in SGA) and finding of potential harm (increased risk of LGA) thus provide incremental information regarding the appropriate use of aspirin in pregnancy.
These findings may warrant further investigation as well as consideration in future recommendations regarding the use of aspirin in pregnancy. n
